Recent studies of natural aromas have focused on only the lowest odor threshold compounds. In this study, we evaluated the volatile compounds of Japanese green tea, comparing the original aroma simultaneously input to the sniffing port method (OASIS) with the aroma extract dilution analysis method (AEDA). Geraniol, indole and linalool were classified in the low odor threshold by AEDA. Using OASIS, geraniol showed enhancement of the green character and indole showed strengthening the overall green tea odor, but linalool gave the same result as AEDA. On the other hand cis-3-hexenol, decanal and ␤-ionone were classified in the high odor threshold by AEDA, OASIS showed enhancement of the green, tea-leafy, and sweet characters respectively. We added these compounds to a Japanese green tea infusion and evaluated it. The results showed great similarity to the OASIS results. In conclusion, OASIS is an effective technique by which to evaluate mixtures of volatile compounds with original aromas.
Green tea is the most popular beverage in Japan. This great popularity may be due to many factors, but one of the reasons is its characteristic and complex odor. Volatile compounds of green tea have been investigated by many researchers (Hara & Kubota, 1982; Hara & Horita, 1987; Kawakami & Kobayashi, 1991; Kawakami & Yamanishi, 1981; Kobayashi, 1995; Kosuge et al., 1978; Nijssen et al., 1996; Shimoda et al., 1995a, b; Takei et al., 1976; Takeo, 1996 Takeo, , 2000 Yamaguchi, 2000) , and over 400 volatile compounds have been reported. Some of these studies used aroma extract dilution analysis (AEDA) (Kumazawa & Masuda, 1999 , 2002 . AEDA is known as a quantitative gas chromatography olfactometry (GC/O) procedure for determining the potency of odors in food extracts (Grosch, 1993; Guth and Grosch, 1993) . The current investigations concerned with volatile compounds that contribute to flavor use that method, and only the lowest order threshold compounds have been highlighted in these recent investigations. It is, however, common knowledge that the volatile compounds influence each other, e.g. masking or enhancing each other. Therefore, the method of evaluating complex odors is one of the most important factors in the analysis of volatile compounds. In other words, it is extremely important to make complex odors from the compound and the original aroma, when evaluating volatile compounds. We have combined these two methods, AEDA and mixed odors, so that the complex odors can be evaluated at the same time (Fig. 1) . This makes it possible for us to know the relationships between the volatile compound and the original aroma. We termed this development method OASIS (OASIS: GC/O with Original Aroma Simultaneously Input to the Sniffing port method).
In this study, we focused on 6 volatile compounds that are classified as high and low flavor dilution (FD) factor groups by AEDA and are popular compounds in Japanese green tea extract, and compared OASIS to AEDA.
Materials and Methods
Green tea Japanese green tea products (cv. Yabukita (Camellia sinensis var. sinensis)) were produced at the National Institute of Vegetable and Tea Science (Kanaya) in May 2002.
Isolation of the volatiles Deionized hot water (TORAY-PURE LV-10T (TORAY, Tokyo), 60˚C, 1 l) was added to 60 g of Japanese green tea, and the leaves were filtered through a coarse filter paper after standing for 5 min. The filtrate (700 ml) was immediately cooled to about 30˚C in tap water, and steam distillation was performed under reduced pressure (40˚C, 20 mmHg). The steam distillate (500 ml) was passed through a column packed with 10 g of Porapak Q (Waters: 34 Maple Street, Milford, MA). Adsorbed compounds were eluted with diethyl ether (50 ml), the elute was dried over anhydrous magnesium sulfate, and the solvent was removed by a rotary evaporator to about 2 ml in volume. Further concentration was conducted with a nitrogen stream to about 10 l (total: 25 l of deionized water was added to 1.5 kg of Japanese green tea).
GC/Olfactometry (GC/O) An Agilent Model 5890A gas chromatograph (Agilent: 395 Page Mill Road, Palo Alto, CA) equipped with a thermal conductivity detector (TCD) was used. A fused silica column [30 mϫ0.53 mm i.d.; coated with a 1 m film of INNOWax (Agilent)] was used without splitting. The column temperature was programmed from 40 to 230˚C at a rate of 5˚C/min for all runs. The injector and detector temperatures were 250 and 230˚C, respectively. Helium was used as the carrier gas at a flow rate of 4.4 ml/min. A glass sniffing port was connected to the outlet of the TCD and was heated by a ribbon heater. Although the sensitivity of the TCD is inferior to the FID, it is easy to use the TCD for GC/O because there is no necessity of branching detector and sniffing port, and no time lag of detecting and sniffing. This TCD method was also used for evaluation of E-mail: shoji hattori@soda.toray.co.jp green tea (Kumazawa & Masuda, 1999 , 2002 and strawberry guava (Jorge et al., 2001) .
AEDA The original odor concentrate of the green tea infusion was stepwise diluted with diethyl ether 1 : 3. 1 : 9, 1 : 27, 1 : 81, 1 : 243. 1 : 729, 1 : 2187 and aliquots (0.5 l) of each fraction were analyzed by capillary GC on the INNOWax column. The odor active compounds were detected by GC elute sniffing (GC/O). The FD factors of the odorants were determined by AEDA, and an FD chromatogram (plot of the FD factor of each odorant versus its retention time) was prepared.
OASIS Deionized hot water (60˚C, 200 ml) was added to 12 g of Japanese green tea, and the leaves were filtered through a coarse filter paper after standing for 5 min. The filtrate (140 ml) was placed in glass vessels at 60˚C and the green tea odor input to the sniffing port by air flow (150 ml/min). The original odor concentrate of green tea infusion was stepwise diluted as in the AEDA method and aliquots (0.5 l) of each fraction were injected. A GC eluted compound was mixed with the green tea odor, and the complex odors were sniffed to know how those compounds influence the odor notes of green tea.
GC/MS An Agilent 6890 gas chromatograph coupled with an Agilent Model 5973 series mass spectrometer (Agilent) was used. The column was a 30 mϫ0.25 mm i.d. TC-Wax, film thicknessϭ0.25 m, fused silica capillary column (GL-Sciences). The column temperature was programmed from 65 to 250˚C at the rate of 5˚C/min in all runs. The injector temperature was 250˚C. The flow rate of the helium carrier gas was 1 ml/min, and the split ratio was 1 : 100. The mass spectrometer was used under the following conditions: ionization voltage, 70 eV; ion source temperature, 150˚C.
Identification of components The identification of the components was made by a comparison of their Kovats GC retention indices and mass spectra.
Compounds in the Japanese green tea infusion evaluated Deionized hot water (60˚C, 300 ml) was added to 9 g of Japanese green tea, and the leaves were filtered using a coarse filter paper after standing for 8 min. The filtrate (200 ml) was added with 800 ml of deionized water, and we added different concentrations (0.25 ppb, 1 ppb, 10 ppb, 100 ppb) of the volatile compounds.
Results and Discussion
An infusion of Japanese green tea has characteristic and complex odors (e.g., jasmine-like note, sweet note, green note, roast note and so on). The compounds causing this characteristic odor were separated by steam distillation under reduced pressure, and the steam distillate was concentrated by the adsorptive column method. AEDA was used for the objective odor threshold of each compound. There were 94 odor active compounds which were detected by GC elute sniffing. The AEDA of this odor concentrate revealed 42 odor-active peaks with FD factors of Ͼ3 (Fig.  2) . The compounds were identified by a comparison of their Kovats indices and mass spectra. The results could be classified as the high FD-factor group (the range 729 to 2187) and the low FD-factor group (the range 3 to 27). The high FD-factor group, that is to say, the low odor threshold, contained geraniol, indole and linalool. The low FD-factor group, or the high odor threshold contained cis-3-hexenol, decanal and ␤-ionone. We focused on these 6 volatile compounds which are popular compounds in Japanese green tea extract, and compared the OASIS method to AEDA (Fig. 3) . Undiluted geraniol has a floral rose-type odor quality. Using the AEDA method, in the range 3 to 27 it had a floral odor, and in the range 81 to 2187 the odor changed to lemon-like. Using the OASIS method, at 3 it had a floral odor as in the AEDA result, but in the range 9 to 81 there was enhancement of the green note in the green tea odor; in the range above 243 there was green tea odor alone, and the geraniol had no effect on the odor. Undiluted indole has an animal odor quality. Using the AEDA method, in the range 3 to 243 it had an animal odor, and at 729 it changed to a floral odor. On the other hand, using the OASIS method, in the range 3 to 9 it had an animal odor as in the AEDA result, but in the range 27 to 729 it had the effect of Fig. 1 . The schematic diagram of OASIS. This is a schematic diagram of the sniffing port used in this case. First, green tea odor from an infusion that has a jasmine-like note, or a sweet note, or a green note, or a roast note etc. is input to the sniffing port. Then, a GC eluted compound is mixed with the green tea odor. Finally, the complex odors are sniffed, and the change in the green tea odor can be evaluated. For example, some compounds caused enhancement of the jasmine-like note in the green tea odor, while other compounds caused enhancement of the roast note. strengthening the overall green tea odor. Undiluted linalool has a floral-woody odor quality. With the AEDA, in the range 3 to 729 it had a floral odor. The OASIS method gave the same result. Undiluted cis-3-hexenol has a powerful green, grassy odor quality. Using the AEDA method, in the range 3 to 27 it had a grassy odor, while with the OASIS method, at 3 it also had a grassy odor, but at 9 there was enhancement of the green note in the green tea odor. In the same way, undiluted decanal has a sweetwaxy, orange-peel-like odor quality. Using the AEDA method, at FD-factor 3 it had an orange odor, while with the OASIS method, at 3 it also had an orange odor, but at 9 there was enhancement of the green note in the green tea odor. Undiluted ␤-ionone has a woody, violet-like odor quality. Using the AEDA method, at 3 it had a woody odor. But using the OASIS method, in the range 3 to 9 there was enhancement of the sweet note in the green tea odor.
We further evaluated different concentrations of 6 volatile compounds added to Japanese green tea. Geraniol emphasized the green note in the tea between 1 ppb and 10 ppb. More than 100 ppb produced a floral odor like the undiluted compound. In the same way, indole showed the effect of strengthening the overall green tea odor between 0.25 ppb and 1 ppb, linalool had a floral-woody odor as when undiluted between 1 ppb and 100 ppb, and cis-3-hexenol emphasized the green note between 1 ppb and 10 ppb. Decanal emphasized the green note between 1 ppb and 10 ppb, and ␤-ionone emphasized the sweet note between 1 ppb and 10 ppb. These results showed great similarity to the results of the OASIS evaluation of these compounds.
In this investigation, we developed the OASIS method in order to know the relationships between the volatile compound and the original aroma. OASIS is an effective technique to evaluate potent odors in original aromas and it is not based only on the odor threshold. It enabled us to find that even high odor threshold compounds affected the original aroma odor. The results from the tests of compounds added to Japanese green tea showed a great similarity to those found by OASIS.
